The enzyme E1 ubiquitin ligase was purified from rabbit liver by ubiquitin affinity chromatography (Haas and Bright, 1988) . Cdc34 (E2 enzyme) with an N-terminal Histag was expressed in E. coli in LB medium from a pET16-derived plasmid, kindly provided by Dr. Jane Endicott (University of Oxford, United Kingdom). The protein was purified using Ni 2+ -charged chelating sepharose and buffer-exchanged into 50 mM Tris (pH 8.0), 0.1 M NaCl. Bovine ubiquitin was purchased from Sigma (St. Louis, Missouri) and used without further purification. To obtain the K48-linked ubiquitin chains, the reaction mixture containing 0.5 mM ubiquitin, 1 µM E1 enzyme, 30 µM Cdc34, 2 mM ATP, 5 mM MgSO 4 and 0.02% monothioglycerol was incubated in the reaction buffer (50 mM Tris pH 8.0, 0.1 M NaCl) at 37º C for 4 hrs. The reaction product was dialyzed overnight into 20 mM ammonium acetate (pH 4.5) at 4º C. The ubiquitin chains were separated on HPLC using a monoS column with KCl gradient followed by size-exclusion chromatography.
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Crystallization
Initial crystallization conditions were screened by hanging drop vapor diffusion using the PACT crystallization suite (QIAGEN corresponding to V m = 2.00 Å 3 Da -1 and a solvent content of 38.6% (Matthews, 1968) .
Structure Solution and Refinement
Diffraction data from a SeMet-labeled crystal of UBA b were collected using a threewavelength MAD regime on a Quantum-4 CCD detector (Area Detector Systems Copr.)
at beamline X8C at the NSLS, Brookhaven National Laboratory. Data processing and scaling were performed with HKL2000 (Otwinowski and Minor, 1997) . The UBA b structure was determined by SAD phasing using the program SHARP (de la Fortelle and Bricogne, 1997). Data to 1.6 Å at the maximum peak wavelength (λ = 0.9795) were used to locate Se atoms. Density modification with the program ARP/wARP (Perrakis et al., 1997) allowed automated model building of ~90% of the residues. The partial model obtained from SHARP was extended manually using the programs O (Jones et al., 1991) and Xfit (McRee, 1999) , several cycles of refinement, using REFMAC (Murshudov et al., 1999) , and model refitting followed by the translation-libration-screw (TLS) refinement (Winn et al., 2003) . The N termini of both UBA b molecules are disordered.
Out of 52 residues, the final model does not include residues G924-N931 in addition to the N-terminal linker Gly-Ser. Both chains are virtually identical with a backbone RMSD of 0.27 Å between them.
Structure figures were made with PyMOL (http://pymol.sourceforge.net/).
Sequence alignments used Clustal X and databases SMART and CDD (Letunic et al., 2006; Marchler-Bauer et al., 2005; Thompson et al., 1997) .
Pulsed-Field Gradient (PFG) NMR Self-Diffusion Experiments
Experimental data for the UBA domain from Cbl-b, chicken lysozyme and bovine ubiquitin at 300 K were acquired on a Bruker Avance 600 MHz NMR spectromster as previously reported (Ekiel et al., 1997) . The dependence of the signal intensity on the gradient field strength was used to calculate the diffusion coefficients. The gradient strength was calibrated using lysozyme (D=1.34x10 -6 at 303 K). All samples contained 1 mM protein in 50 mM sodium phosphate buffer (pH 6.8), 100 mM NaCl. NMR spectra were processed using NMRPipe (Delaglio et al., 1995) and analyzed with XEASY (Bartels et al., 1995).
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